Design, synthesis, molecular modeling and anti-proliferative evaluation of novel quinoxaline derivatives as potential DNA intercalators and topoisomerase II inhibitors.
New series of [1,2,4]triazolo [4,3-a]quinoxaline and bis([1,2,4]triazolo)[4,3-a:3',4'-c]quinoxaline derivatives have been designed, synthesized and biologically evaluated for their cytotoxic activities against three tumor cell lines (HePG-2, Hep-2 and Caco-2). Compounds 16e, 21, 25a and 25b exhibited the highest activities against the examined cell lines with IC50 values ranging from 0.29 to 0.90 μM comparable to that of doxorubicin (IC50 ranging from 0.51 to 0.73 μM). The most active members were further evaluated for their topoisomerase II (Topo II) inhibitory activities and DNA intercalating affinities as potential mechanisms for their anti-proliferative activities. Interestingly, the results of Topo II inhibition and DNA binding assays were consistent with that of the cytotoxicity data, where the most potent anti-proliferative derivatives exhibited good Topo II inhibitory activities and DNA binding affinities, comparable to that of doxorubicin. Moreover, the most active compound 25a caused cell cycle arrest at G2/M phase and induced apoptosis in Caco-2 cells. In addition, Furthermore, molecular docking studies were performed for the novel compounds against DNA-Topo II complex to investigate their binding patterns. Based on these studies, it was concluded that DNA binding and/or Topo II inhibition may contribute to the observed cytotoxicity of the synthesized compounds.